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DESCRIPTION 

FAST PARTICLE GENERATING APPARATUS 
Technical Field 

[0001] The present invention relates to a fast particle generating 
apparatus for emitting particles such as protons at high speed from a 
target. 

Background Art 

[0002] It is feasible to realize a fast particle source to emit particles 
such as electrons, protons, or deuterons at high speed from a target, by 
focusing a high-intensity laser on the target in vacuum (for example, 
reference is made to Document 1 "A. Maksimchuk, S. Gu, K. Flippo, 
and D. Umstadter, "Forward Ion Acceleration in Thin Films Driven by 
a High-Intensity Laser," Phys. Rev. Lett. Vol. 84, pp.4108-4111 
(2000)" and Document 2 "I. Spencer et al., "Laser generation of proton 
beams for the production of short-lived positron emitting 
radioisotopes, " NucL Inst, and Meth. in Phys. Re s. B Vol. 183, pp. 449- 
458 (2001)"). Such fast particle sources are applicable to various 
devices for generation of isotopes and others. 

[0003] An example of such application is a generating apparatus of 
radioisotopes used in diagnoses with PET (Positron Emission 
Tomography) apparatus. The PET diagnoses use agents containing 
short-lived radioisotopes such as n C, 13 N, and ls O which emit positrons. 
These radioisotopes can be generated, for example, by making use of 
the (p,n) reaction with fast protons, the (d,n) reaction with fast 
deuterons, or the like. 

[0004] The radioisotopes are generated, mainly using fast proton 
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beams or the like supplied from a cyclotron accelerator. In use of 
such a cyclotron, the system is large in scale and large-scale radiation 
shield equipment is needed, which poses a problem in terms of 
widespread use of the PET diagnoses. In contrast to it, if the 
cyclotron accelerator as a fast particle source is replaced with the 
aforementioned fast particle generating apparatus making use of the 
high-intensity laser beam, it will enable downsizing of the system 
including the radiation shield equipment. 
Disclosure of the Invention 

[0005] For generating fast particles with use of the high-intensity laser 
beam, it is important to project the laser beam in focus on a sufficiently 
small region of the target. There is a configuration for observing the 
focus state of the laser beam with a magnifying optical system and 
CCD camera, as a configuration for monitoring the focus state of the 
laser beam projected on the target or a generation state of fast particles 
thereby. In this configuration, however, where the target material is 
set at the focus point of the laser beam, it is infeasible to directly 
observe the focus point. 

[0006] Another available configuration is one to measure generated 
fast particles with a solid trajectory detector using CR-39 plastic. 
Specifically, as fast particles are incident into the plastic of the 
trajectory detector, they leave invisible flaws inside. Then the plastic 
is subjected to etching in an alkali solution for several hours, and the 
aforementioned flaws made by fast particles are preferentially etched to 
appear as etch pits. This allows us to evaluate the generation state of 
fast particles. However, this configuration does not allow us to 
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monitor the generation state of fast particles in real time. 
[0007] Another conceivable configuration is one using the Thomson 
parabola ion analyzer for applying a magnetic field to fast particles and 
measuring the energy of particles from the orbit of particles bent by the 
magnetic field, but it is a system with strong magnets inside and thus 
has a problem of poor operability. 

[0008] The present invention has been accomplished in order to solve 
the above problems and an object of the invention is to provide a fast 
particle generating apparatus capable of monitoring the generation state 
of fast particles and efficiently generating fast particles. 
[0009] In order to achieve the above object, a fast particle generating 
apparatus according to the present invention comprises (1) a laser 
source for emitting a laser beam at a predetermined intensity; (2) a 
target for generating and emitting fast particles when irradiated with 
the laser beam in focus thereon; (3) a focusing optical system for 
focusing the laser beam emitted from the laser source, on the target; (4) 
light measuring means for measuring light generated in the target upon 
irradiation with the laser beam and outputting a measurement signal; 
(5) analyzing means for performing an analysis on a generation state of 
fast particles in the target, based on the measurement signal from the 
light measuring means; and (6) control means for controlling at least 
one of the laser source, the target, and the focusing optical system on 
the basis of a result of the analysis by the analyzing means, thereby 
controlling the generation state of fast particles in the target. 
[0010] As the target is irradiated with the high-intensity laser beam 
from the laser source in focus thereon, the target material is changed 
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into a plasma and plasma emission occurs at a wavelength different 
from that of the laser beam. The plasma emission differs in intensity, 
wavelength, etc. depending upon the focus state of the laser beam and 
the generation state of fast particles. The above-described fast particle 
generating apparatus is configured to measure the light from the target 
by the light measuring means. This makes it feasible to monitor the 
generation state of fast particles, e.g., an amount of particles generated, 
in real time. By performing feedback control of the generating 
apparatus by making use of the monitor result, it becomes feasible to 
efficiently generate fast particles on a stable basis. 

[0011] The control means is preferably a moving mechanism for 
controlling movement of the target or the focusing optical system. 
This configuration permits the control means to suitably perform the 
feedback control on the generation state of fast particles in the target. 
The focusing optical system is preferably an off-axis parabolic mirror. 
[00 1 2] The light me asurin g means ma y be c onfigured t o have a 
spectrometer for spectroscopically measuring the light generated in the 
target. This permits the light measuring means to measure the 
spectral intensity with respect to the wavelength of the light generated 
in the target, whereby the generation state of fast particles in the target 
can be securely monitored. 
Brief Description of the Drawings 

[0013] Fig. 1 is a block diagram schematically showing a configuration 
of an embodiment of the fast particle generating apparatus. 
[0014] Fig. 2 is a configuration diagram showing a specific example of 
the fast particle generating apparatus shown in Fig. 1 . 
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[0015] Fig. 3 is a perspective view showing a specific configuration of 
a target moving mechanism used in the fast particle generating 
apparatus shown in Fig. 2. 
Best Mode for Carrying out the Invention 

[0016] A preferred embodiment of the fast particle generating 
apparatus according to the present invention will be described below in 
detail with the drawings. Identical elements will be denoted by the 
same reference symbols in the description of drawings, without 
redundant description. It is noted that dimensional ratios in the 
drawings do not always coincide with those in the description. 
[0017] Fig. 1 is a block diagram schematically showing a configuration 
of an embodiment of the fast particle generating apparatus according to 
the present invention. The fast particle generating apparatus of the 
present embodiment is a device for generating fast particles such as 
electrons, protons, deuterons, or other ions, and is equipped with laser 
source 10, focusing optical system 20, and target 30. Light measuring 
device 40 and analyzing device 50 are installed with respect to the 
target 30. 

[0018] The laser source 10 is a light source unit for emitting a laser 
beam LI with a predetermined wavelength and predetermined intensity 
to be used in generation of fast particles. This laser beam LI is 
preferably a pulsed laser beam such as an ultrashort pulsed laser beam 
with high peak power. The target 30 is a source for generating fast 
particles P and is made of a predetermined material selected in 
accordance with a type of particles to be generated or the like. This 
target 30 is installed in vacuum chamber 60 maintained at a 
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predetermined vacuum. 

[0019] The focusing optical system 20 is set between laser source. 10 
and target 30. The laser beam LI outputted from the laser source 10 
is projected onto the target 30 while being focused by the focusing 
optical system 20. Then this in-focus irradiation with the laser beam 
LI results in generating fast particles P in the target 30 and emitting 
them to the outside. On this occasion, the target material is changed 
into a plasma in the target 30 upon irradiation with the laser beam LI, 
so as to induce plasma emission L2 at a wavelength different from that 
of the laser beam LI . 

[0020] The light measuring device 40 and analyzing device 50 are 
installed with respect to the plasma emission L2 from the target 30 
upon irradiation with the laser beam LI. The light measuring device 
40 measures light L2 generated in the target 30 with the plasma 
emission, and outputs a measurement signal indicating the 
measu reme nt result. The measurement signal from the light 
measuring device 40 is fed to the analyzing device 50. 
[0021] The analyzing device 50 analyzes the focus state of the laser 
beam LI on the target 30 and the generation state of fast particles P 
thereby, based on the measurement signal fed from the light measuring 
device 40. Specifically, the analyzing device 50 evaluates the 
intensity, wavelength spectrum, etc. of the light L2 from the target 30 
measured by the light measuring device 40, and performs an analysis to 
assess the generation state of fast particles P with use of the result. 
Then the analyzing device 50 outputs a control signal for feedback 
control on the generation state of fast particles P through control of 
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each part of the apparatus, such as the target 30 and the focusing 
optical system 20, in accordance with the analysis result. 
[0022] In the present embodiment, optical system moving mechanism 
25 and target moving mechanism 35 are installed for the focusing 
optical system 20 and for the target 30, respectively. The control 
signal from the analyzing device 50 is fed to each of the moving 
mechanisms 25, 35. The optical system moving mechanism 25 
controls positioning and movement of the focusing optical system 20 in 
accordance with the control signal from the analyzing device 50. The 
target moving mechanism 35 controls positioning and movement of the 
target 30 in accordance with the control signal from the analyzing 
device 50. This results in feedback control on the generation state of 
fast particles P in the target 30, based on the monitor result by the light 
measuring device 40. 

[0023] The effect of the fast particle generating apparatus in the above 

e mbo dim ent w ill be de scribed bel ow. 

[0024] In the fast particle generating apparatus shown in Fig. 1, the 
laser beam LI from the laser source 10 is projected in focus on the 
target 30 to generate the fast particles P and, at the same time, the light 
measuring device 40 measures the light L2 generated in the target 30 
with the plasma emission caused thereby. 

[0025] Here the light L2 resulting from such plasma emission varies 
depending upon the focus state of the laser beam LI on the target 30 
and the generation state of fast particles P. For example, the higher 
the focus density of the laser beam LI on the target 30, the larger the 
intensity of the plasma emission L2 generated. In addition, the 
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wavelength (color) of the plasma emission L2 varies depending upon 
the energy state of the plasma generated in the target 30. 
[0026] Therefore, by measuring the light L2 from the target 30 by 
means of the light measuring device 40 and monitoring the emission 
intensity and emission wavelength (emission color), it is feasible to 
monitor the generation state, e.g., the amount of fast particles P 
generated in the target 30 in real time. Then the feedback control of 
the generating apparatus is performed through the analyzing device 50 
and the moving mechanisms 25, 35 by making use of the monitor result, 
whereby it becomes feasible to efficiently generate the fast particles P 
on a stable basis. 

[0027] A specific feedback control method on the generation state of 
fast particles P can be selected from various methods according to the 
configuration and use of the fast particle generating apparatus. For 
example, where the intensity of fast particles P is significant, the 
feedback c ontrol is perform e d s o as to obt ain str onger plasma emissi on. 
In another case where an energy distribution or the like of fast particles 
P is significant, the feedback control is performed so as to obtain an 
optimal emission spectrum. 

[0028] The focusing optical system 20 installed between laser source 
10 and target 30 is placed together with the target 30 in the vacuum 
chamber 60 in Fig. 1 , but this focusing optical system 20 may also be 
located in part or in its entirety outside the vacuum chamber 60. 
[0029] Fig. 2 is a configuration diagram showing a specific example of 
the fast particle generating apparatus shown in Fig. 1. The 
configuration of this fast particle generating apparatus will be described 
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below with reference to Figs. 1 and 2. 

[0030] In the present example, Ti: sapphire laser 1 1 is used as the high- 
intensity laser source 10, and a pulsed laser beam with the wavelength 
of 800 nm, the pulse width of 50 fs, the output power of 100 mJ, and 
the peak output of 2 TW outputted from the Ti: sapphire laser 1 1 is 
used as the laser beam LI for generation of fast particles. As the 
target 30, target film 31 made of a predetermined target material is set 
in the vacuum chamber 60. The target material is, for example, 
aluminum film, CH film (e.g., in the thickness of 1.5 to 20 jim), or the 
like. The target film 31 is held by target holder 32. 
[0031] As the focusing optical system 20 for focusing the laser beam 
LI, for example, off-axis parabolic mirror 21 is set at a predetermined 
position in the vacuum chamber 60 evacuated to not more than the 
vacuum of 1 * 10" 6 Torr (1.33 x 10^ Pa). The use of off-axis 
parabolic mirror 21 permits the laser beam LI to be suitably focused at 
the predetermined position on the target film 31^ At tfiis time, for 

in ^ 

example, the focus density of 1 * 10 W/cm is achieved. The 
external wall part of the vacuum chamber 60 between the Ti: sapphire 
laser 11 located outside the vacuum chamber 60, and the off-axis 
parabolic mirror 21 is a glass window 61 which transmits the laser 
beam LI. 

[0032] The laser beam LI outputted from the laser 11 travels through 
the glass window 61 to enter the interior of the vacuum chamber 60, 
and is then reflected by the off-axis parabolic mirror 21. Then the 
laser beam LI reflected by the off-axis parabolic mirror 21 is projected 
onto the target film 3 1 while being focused, whereupon fast particles P 
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are generated and emitted from the target film 31. If the high- 
intensity laser beam from the laser 11 should be focused in air, air 
would be converted into a plasma, so as to fail to achieve the high 
focus density; however, as long as the target film 31 is placed in 
vacuum chamber 60 as described above, this problem will not arise. 
[0033] The plasma emission L2 generated in the target film 31 upon 
in-focus irradiation with the laser beam LI spreads in the vacuum 
chamber 60 to be emitted to the outside. In connection therewith, a 
glass window 62 transmitting the plasma emission L2 is provided at a 
predetermined position in the external wall of vacuum chamber 60. 
Spectroscopic measurement device 41 having optical fiber 42 for input 
of light is installed as the light measuring device 40 for measuring the 
plasma emission L2, outside the vacuum chamber 60. 
[0034] Part of the plasma emission L2 generated in the target film 3 1 
travels through the glass window 62 to be emitted to the outside of the 
vacuum chamber 60. The emitted light L2 is focused on an input end 
of optical fiber 42 by condensing lens 63 and is thus guided through the 
optical fiber 42 into the spectroscopic measurement device 41. 
[0035] The spectroscopic measurement device 41 is a spectrometer 
having a spectroscopic element such as a prism or a diffraction grating 
for spectroscopically decomposing light, and a photodetector for 
detecting light components spectroscopically decomposed, and it 
measures the spectral intensity with respect to the wavelength of the 
plasma emission L2 fed through the optical fiber 42 and outputs a 
measurement signal. By using such a spectrometer, it is feasible to 
* securely monitor the generation state of fast particles in the target. 
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The measurement signal from this spectroscopic measurement device 
41 is fed into a personal computer (PC) 51 which is the analyzing 
device 50 for analyzing the generation state of fast particles P. 
[0036] In the present embodiment, electric inclination stage 26 is 
provided as the optical system moving mechanism 25 with respect to 
the off-axis parabolic mirror 21. The inclination stage 26 controls the 
inclination of the off-axis parabolic mirror 21 relative to the optic axis 
of the laser beam LI, thereby controlling the focus state of the pulsed 
laser beam LI with respect to the target film 31. In addition, electric 
XYZ stage 36 and driving motor 37 are provided as the target moving 
mechanism 35 for the target film 31 held by the target holder 32. The 
driving motor 37 is located outside the vacuum chamber 60 as shown 
in Fig. 2. 

[0037] Fig. 3 is a perspective view showing a specific configuration of 
the target moving mechanism used in the fast particle generating 
apparatus show n in Fi g. 2 . The tar get film 3 1 and tar get hold er 32 are 
fixed through support 32a on XYZ stage 36. The target holder 32 has 
a hollow bearing and is rotatable through belt 39. The XYZ stage 36 
controls the position in the X-direction, Y-direction (horizontal 
direction), and Z-direction (vertical direction), thereby controlling 
positioning and movement of the target film 31 relative to the laser 
beam LI. The driving motor 37 rotates rotating ring 38 connected to 
the driving motor 37 (cf. Fig. 2) by rotational axis 37a, and rotates the 
target holder 32 and target film 31 through belt 39. 
[0038] PC 51 analyzes the generation state of fast particles P in the 
target film 3 1 , based on the measurement signal from the spectroscopic 
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measurement device 41, and outputs a control signal according to the 
analysis result. The inclination stage 26 mechanically controls the 
movement of the off-axis parabolic mirror 21 in accordance with the 
control signal fed from PC 51. The XYZ stage 36 and driving motor 
37 mechanically control the movement of target holder 32 and target 
film 31 in accordance with the control signal fed from PC 51. This 
results in feedback control on the generation state of fast particles P in 
the target film 31. 

[0039] The fast particle generating apparatus according to the present 
invention is not limited to the above embodiment and example, but can 
be modified in various ways. For example, the focusing optical 
system 20 for guiding the laser beam LI from the laser source 10 onto 
the target 30 may be a condensing lens or the like instead of the off- 
axis parabolic mirror, or may be a combination of optical elements. 
[0040] Fig. 1 shows the configuration comprising the optical system 
moving mechanism 2 5 for the focusi ng optical s ystem 20 and the target 
moving mechanism 35 for target 30, as the control means for 
performing the feedback control on the generation state of fast particles 
P in the target 30. This enables easy control on the focus state of laser 
beam LI on the target 30. However, these control means may be any 
other control means without having to be limited to the mechanical 
moving mechanisms. 

[0041] The control means may also be configured so that there is 
provided a control means for controlling the output condition of laser 
beam LI for the laser source 10 and it performs feedback control. In 
general, if there is provided a control means for controlling at least one 
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of the laser source, the target, and the focusing optical system, the 
feedback control on the generation state of fast particles in the target 
can be implemented in cooperation with the light measuring device 40 
and analyzing device 50. 
Industrial Applicability 

[0042] As detailed above, the fast particle generating apparatus 
according to the present invention is applicable as a fast particle 
generating apparatus capable of monitoring the generation state of fast 
particles and thereby efficiently generating fast particles. Namely, by 
adopting the configuration wherein the fast particles are generated by 
projecting the laser beam from the laser source onto the target while 
focusing it by the focusing optical system and wherein the light 
measuring means measures the emission from the target upon the in- 
focus irradiation with the laser beam, it is feasible to monitor the 
generation state, e.g., the amount of fast particles generated, in real 
time. By performing the feedback control of the generating apparatus 
based on the analysis of the monitor result by the analyzing means, it 
becomes feasible to efficiently generate the fast particles on a stable 
basis. 
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